Background. Although weight loss reduces risk for comorbid diseases, many observational studies suggest that weight loss is associated with increased mortality risk, leading to reluctance by clinicians to consider weight reduction as a strategy to maintain health and independence in older adults. However, whether the observed weight loss is intentional is difficult to determine and may not accurately represent the mortality risk associated with intentional weight reduction. Data from the Arthritis, Diet, and Activity Promotion trial (ADAPt) were used to determine whether randomization to a weight reduction program was associated with total mortality in overweight/obese older adults.
C ontroversy surrounds the potential risks and benefits of weight loss in older adults. on the one hand, outcomes of weight loss trials demonstrate that weight loss positively influences several weight-related comorbidities in older adults (1) (2) (3) (4) . on the other hand, data from observational studies show that weight loss is associated with increased risk of mortality (5) (6) (7) (8) . It is well recognized that sudden unexpected weight loss can be a presenting sign of underlying subclinical disease, which may explain some of the observational data. some investigators have tried to distinguish intentional from unintentional weight loss, with mixed results (6) (7) (8) (9) (10) (11) , and it is not entirely clear that the selfreport of weight loss intention is accurate enough to completely address the issue in an observational context. therefore, associations from observational studies cannot fully resolve the question of whether intentional weight loss is beneficial or harmful, an issue that is important, given the increasing prevalence of obesity among this segment of the population (12, 13) . A randomized clinical trial can address this question because the randomization process resolves the issue of confounding by subclinical disease, and virtually all the weight loss observed would be expected to be intentional. the resolution of the association between weight loss and mortality is clinically important because there is a reluctance to recommend weight loss to obese older adults, a group in whom the theoretical harms of weight loss would be most apparent, given the findings from observational studies.
In order to evaluate the effect of intentional weight loss on mortality risk of older adults, we determined the vital status of the participants randomized in the Arthritis, Diet, and Activity Promotion trial (ADAPt), an 18-month randomized trial of weight loss and/or exercise in overweight and obese older adults with osteoarthritis (oA) of the knee. the mortality rates between those randomized to the weight loss intervention and those not randomized to the weight loss intervention were compared.
Methods

Participants
the ADAPt study was a single-blind randomized controlled intervention trial designed to determine whether dietary weight loss and long-term exercise training, alone or in combination, could improve physical function and mobility and reduce pain in overweight and obese (mean baseline body mass index [BMI] 34 kg/m 2 ) men and women aged 60 years and older with knee oA. Between november 1996 and June 1998, overweight and obese older men and women with knee oA from north Carolina were recruited and randomized to one of the four treatment groups: dietary weight loss, exercise, dietary weight loss + exercise, or a healthy lifestyle control. study exclusion criteria included known cardiovascular disease, severe hypertension, chronic obstructive pulmonary disease, and other comorbidities that could limit mobility and participation in regular exercise. All ADAPt study participants provided written informed consent, and this study was approved by the Institutional review Board at Wake Forest University Health sciences and is registered with clinicaltrials.gov (nCt00979043).
the number of participants in the present analysis differs slightly from the primary analysis of ADAPt, which included 316 participants, 158 randomized to a weight loss intervention and 158 to a non-weight loss intervention (1) . there were two participants who were randomized but never participated in the ADAPt intervention (one in a weight loss intervention group and one in a non-weight loss intervention group) and were not included in the analyses of primary ADAPt outcomes (1) . However, these two participants were included in our unadjusted primary analysis, so that our intention-to-treat sample had 159 participants each in the weight loss and in the non-weight loss intervention groups. However, pertinent covariate information was not available on these two participants, so we were unable to include them in the stratified analyses. therefore, the final sample for our stratified analyses included the 158 participants in the non-weight loss intervention and the 158 participants in the weight loss intervention, who were included in the analysis of the ADAPt primary outcomes (Figure 1 ).
Interventions
the dietary weight loss and exercise interventions are described in detail elsewhere (1) . Briefly, the dietary weight loss intervention was divided into three phases for a period of 18 months: intensive (Months 1-4, to increase awareness if the need for behavior modification to change eating habits), transition (Months 5-6, to set new goals in order to prevent relapse or to lose weight in participants who had not achieved weight loss goals), and maintenance (Months 7-18, to maintain weight loss or provide additional support in participants who had difficulty losing weight). the goal of the dietary weight loss was to lose 5% of baseline body weight for a period of 18 months. the exercise intervention consisted of 3 days/week of an aerobic exercise phase (15 minutes of walking within 50%-75% of heart rate reserve), resistance training (15 minutes, included two sets of 12 reps of lower body strength training), a second aerobic phase (15 minutes), and a cooldown (15 minutes) for a period of 18 months. Participants in the dietary weight loss + exercise group followed both programs. the healthy lifestyle control group attended 3 monthly health education programs on oA, obesity, and exercise for the first 3 months followed by monthly phone contact for Months 4-6 and then bimonthly phone contact for Months 7-18.
Data Collection
Death ascertainment.-All death adjudication was completed without knowledge of randomization group. Deaths during follow-up were ascertained using the social security Index (ssI) and the national Death Index (nDI), which has improved specificity and sensitivity compared with the ssI (14) . recently, the agreement in death ascertainment between the two databases was reported to be greater than 94% when identification information similar to what was available in our study was used (15) . two deaths occurred during the ADAPt trial (1), and 43 posttrial deaths were ascertained through the nDI and ssI searches. Because nDI data are available through December 31, 2006, that was used as the censoring date for all analyses. no attempt was made to identify cause of death.
Covariates.-Body weight and height (without shoes) were measured at baseline and at 6 and 18 months of follow-up using the same calibrated scale. BMI was calculated as weight (kg)/height (m) 2 . Demographic information was obtained from self-report, and prevalence of comorbid conditions was based on medical history and physical examination.
Statistical Analyses
Because our primary purpose was to determine the effect of intentional weight loss on total mortality, participants in the dietary weight loss group and in the dietary weight loss + exercise group were combined as "weight loss intervention" and those in the exercise-only intervention and in the healthy lifestyle control were combined as "non-weight loss intervention." the weight loss and nonweight loss groups were compared at baseline using student's t test for independent samples and the chi-square test for difference in proportions, for continuous and categorical outcomes, respectively. the total mortality rate of those randomized to a weight loss intervention was compared with those not randomized to a weight loss intervention, using Cox proportional hazard regression. the intent-to-treat unadjusted analysis included 318 randomized participants and is presented as hazard rate ratio (Hr) and 95% confidence interval (CI). However, two participants who were randomized withdrew prior to participation in ADAPt, and covariate data were not retained by the parent study, so our stratified analyses included 316 participants ( Figure 1 ). to examine whether the effect of weight loss on mortality differed by sex, age, initial body weight, we repeated all analyses stratified by sex, age (less than or equal to or greater than the median age of 67.1 years at baseline), and BMI (less than or equal to or greater than the median BMI of 33.5 kg/m 2 at baseline). In addition to the two in-trial deaths, there were four deaths ascertained within the first 2 years of follow-up, so we were unable to examine whether the effect of weight loss on total mortality differed by duration of follow-up. However, we did examine for differences in mortality among participants for more than 2 years of follow-up only. Because the amount of weight lost may influence mortality risk among participants in the weight loss groups, we compared (a) the mortality rates of those who lost greater than the median of initial body weight (3.6 kg) with those who lost less than or equal to the median of initial body weight and (b) the mortality rates of those who lost greater than or equal to 5% of initial body weight (the goal of the weight loss intervention) with those who lost less than 5% of initial body weight. We also compared the total mortality rates of the four separate intervention groups and determined the effect of randomization with the exercise intervention on total mortality using Cox proportional hazard regression. Person-time was calculated from date of randomization to the date of death or censoring (December 31, 2006) . All analyses were carried out using sAs 9.1 (sAs Institute Inc., Cary, nC), and results were considered statistically significant if p < .05.
Results
the baseline characteristics of the weight loss groups and non-weight loss groups are presented in table 1. overall, the mean age was 68.5 years, and more than 75% of participants were considered obese at baseline. Compared with the non-weight loss group, the weight loss intervention group lost significantly more weight at 6 months (4.4 ± 5.3 kg vs 0.3 ± 3.0 kg, p < .01) and at 18 months (4.8 ± 7.5 kg vs 1.4 ± 5.1 kg, p < .01) of follow-up. the mean follow-up time was longer in the weight loss group than in the non-weight loss group (8.2 ± 1.1 years vs 7.8 ± 1.7 years, respectively, p = .01). overall, there were 15 deaths in the weight loss intervention groups and 30 deaths in the non-weight loss intervention groups, including two in-trial deaths. In the unadjusted intent-to-treat analysis (n = 318), those randomized to the weight loss intervention had a lower mortality rate compared with those who were randomized to a nonweight loss intervention (Hr [95% CI] = 0.5 [0.3-0.9], p = .01; Figure 2 ). After adjustment for age, sex, and exercise treatment, the Hr for mortality associated with intentional weight loss did not differ from the unadjusted intent-to-treat analysis (Hr [95% CI] = 0.5 [0.3-1.0], p = .03; table 2). there were no differences in total mortality between those randomized to the weight loss intervention and those randomized to a non-weight loss intervention among those less than the median age at baseline, among those with a baseline BMI less than or equal to the median (33.5 kg/m 2 ), among those with a BMI greater than the median at baseline, or among men or women, as shown in Figure 3 . Among older participants (defined as greater than the median age of 67.1 years at baseline), those randomized to a weight loss intervention had a lower mortality rate compared with those randomized to a non-weight loss intervention (Hr [95% CI] = 0.4 [0.2-1.0], p = .04; Figure 3 ). Among participants randomized to a weight loss intervention group, the total mortality rate of participants who lost greater than the median of initial body weight (3.6 kg) was not different from those who lost less than or equal to median of initial body weight (Hr [95% CI] = 1.2 [0.3-4.6], p = .75) and the total mortality rate of those who loss at least 5% of initial body weight (which was the goal of the weight loss intervention) was not different from those who lost less than 5% of initial body weight (Hr [95% CI] = 1.5 [0.4-5.5], p = .58). overall, there was no effect of randomization to the exercise intervention on total mortality, and the total mortality rates of the dietary weight loss, dietary weight loss + exercise, and the exercise-only intervention groups did not significantly differ from the control group (table 2) .
Discussion
over an average of 8.0 years of follow-up, the mortality rate of older overweight and obese men and women who intentionally lost weight during an 18-month randomized controlled weight loss was not greater than that of those who did not intentionally lose weight. When the dietary weight loss and dietary weight loss + exercise groups were combined, the total mortality rate of those randomized to a weight loss intervention was lower than the mortality rate of those not randomized to a non-weight loss intervention (the exercise and control groups combined). to the best of our knowledge, this analysis is the first to report on the effect of intentional weight loss on total mortality, utilizing a randomized controlled study design. the results of the stratified analyses suggest that voluntary weight loss may lower mortality among older adults (greater than the median age of 67.1 years) and over longer follow-up (>2 years) in particular. the mortality rates of the individual intervention groups did not significantly differ from that of the control group, and there was no significant difference in mortality between those randomized to a weight loss intervention and those not, even among the other subgroups analyzed, supporting that intentional weight loss among older men and women does not increase risk for overall mortality.
to date, the association between weight loss and mortality has been investigated in longitudinal observational studies, with inconsistent results. In a recently published meta-analysis of longitudinal weight loss studies, among the studies of healthy adults that did not discern whether or not weight loss was intentional, weight loss was associated with a 38% increase in total mortality risk (relative risk [rr] [95% CI] = 1.38 [1.27-1.49]) (16) . However, the failure to differentiate intentional from unintentional weight loss has led some to question the value of these studies (17) . subsequent studies have attempted to stratify according to weight loss intent, with likewise equivocal results (7) (8) (9) (10) (11) (18) (19) (20) . In the same recently published meta-analysis, weight loss that was reported to be intentional was associated with a slight increase in risk for total mortality (rr [95% CI] = 1.11 [1.00-1.22]) (16) among overweight but otherwise healthy men and women, although the risk ratios of the individual studies ranged from 0.59 to 1.87 (7) (8) (9) (10) (11) 16, (18) (19) (20) , suggesting that the matter of intent, which is difficult to ascertain, is critically important with respect to weight loss. this importance is substantiated by an analysis of type 2 diabetic patients in whom unintentional weight loss was associated with a 58% increase in mortality rate, whereas those who reported trying to lose weight had a 17% lower mortality rate (21) . even still, our data are inconsistent with the best estimate of the association between weight loss and mortality derived from observational studies, as our 95% CI well excludes the 1.11 estimate of rr from the recent meta-analysis (16) .
overweight and obese older adults are at greater risk for several age-related comorbid diseases and disability. our finding that overweight and obese older adults who intentionally lost weight had a lower total mortality rate compared with those who did not lose weight is consistent with the outcomes of randomized weight loss trials that have demonstrated a beneficial effect of weight loss on improving weight-related comorbidities, such as oA, hypertension, type 2 diabetes, and risk for cardiovascular disease (1-4), which have themselves been associated with lowering mortality risk (22, 23) . Given that weight loss can exacerbate lean tissue and bone loss, and potentially compromise the strength and physical function of older adults, it has been recommended that weight loss therapy for older adults should maximize fat loss and minimize muscle and skeletal tissue loss by incorporating adequate intakes of protein, calcium and vitamin D, and regular physical activity into a lifestyle modification (24) .
the fundamental strength of this study is that it is the first report of the effect of intentional weight loss on total mortality following a randomized controlled study design, a methodological advantage that resolves the matter of intent. yet, there are certain limitations to acknowledge. As reported by the ADAPt parent study, weight loss was associated with better physical function in overweight patients with knee oA, after 18 months (1), and it is plausible that these improvements may have influenced total mortality among study participants. Because we examined the effect of intentional weight loss on total mortality, and did not differentiate among cause-specific mortality, we cannot speculate as to whether intentional weight loss differentially influenced cardiovascular disease mortality or other cause-specific mortality. the participants of the ADAPt study were selected according to the diagnosis of knee oA, and of the screened participants, 14% were randomized, so our results may not be generalizable to older adults with other weight-related comorbidities or to less healthy people with knee oA. In addition, information on postintervention health or lifestyle factors was not available, so we were unable to control for these factors in our analyses.
We acknowledge that magnitude of the lower Hr associated with intentional weight loss (0.5 [95% CI = 0.3-1.0]) in our adjusted analysis was unexpected, and certainly, type I error is a possible explanation. However, if our estimate that a mean intentional weight loss of 4.4 ± 7.0 kg (corresponding to approximately 5% of initial body weight) is associated with a 50% lower rate of mortality is confirmed, not only would this be clinically important with respect to recommending therapeutic weight loss to older patients, it would be relevant for the design and implementation of future weight loss intervention trials in older adults. Among participants who were randomized to a weight loss intervention, we found no association between magnitude of intentional weight loss and total mortality. Although these results are in agreement with larger studies that reported modest weight loss was not associated with total mortality (11, 19) , there were only 15 deaths in the weight loss group, which is not likely to be a sufficient number to detect an association. therefore, results should be interpreted cautiously until confirmed by larger randomized weight loss trials. overall, these results support the finding that intentional weight loss does not increase mortality risk and provides new evidence for clinicians to consider, given that weight loss can improve risk for several chronic diseases and physical disability (2, 4, 25) . nevertheless, we acknowledge that replication of these findings is necessary before clinical recommendations should be made.
In summary, this analysis of a randomized controlled weight loss intervention study demonstrates that modest intentional weight loss in overweight older adults does not increase risk for all-cause mortality. In fact, it may reduce mortality risk over the long-term. Furthermore, our results suggest that the ability to determine intentionality of weight loss in observational studies may not be fully adequate to test the hypothesis about weight loss and mortality (12, 13) . thus, recommendations based on observational studies should be made with caution. 
